INTRODUCTION
Methotrexate (MTX) is an antirheumatic drug used worldwide in many indications of chronic inflammation and autoimmunity including psoriasis. 1 In principle, it is safe if monitored carefully and has major cost-effective therapeutic benefits. 2 Major adverse events for MTX are related to the folate antagonism and primarily affect highly proliferative tissues such as bone marrow and gastrointestinal mucosa. 3 Life-threatening myelosuppression leading to sepsis with potential fatal outcome is the most serious complication of MTX treatment that may occur despite regular dose administration. 4 By analyzing 3 cases of myelosuppression during lowdose MTX treatment with mucocutaneous manifestations, we find that impaired renal elimination to be the leading cause of MTX toxicity and identify the different durations of plasma and intracellular halflives of MTX as the main reason for bone marrow suppression in spite of normal MTX trough levels.
CASE REPORTS Case 1
A 60-year-old man weighing 86 kg had been treated with low-dose (15 mg/wk) MTX for psoriasis and psoriatic arthritis for more than 12 months when painful oral lesions developed. Because of joint pain, he had been taking up to 150 mg diclofenac-natrium daily. Upon developing painful gingiva necrosis, he searched advice from a dentist before presenting at the department of dermatology. Medical examination found necrotizing gingivitis, mucosal erosions (Fig 1) , and purpuric skin lesions. Serum creatinine was 0.9 mg/dL (0.5-1.2 mg/dL). Leukopenia 
Case 2
A 78-year-old patient weighing 93 kg required systemic treatment for moderate-to-severe chronic plaque psoriasis. Serum creatinine was 1.8 mg/dL caused by hypertensive nephropathy. Because of reduced kidney function, the patient was started on a low dose of 7.5 mg/wk of MTX. After the second MTX application, the patient had monomorphic erosions of all psoriatic plaques. Serum creatinine level had increased to 2.4 mg/dL, leukocyte counts decreased from 9.3 3 10 9 /L to 1. consequence of MTX-induced acute renal failure (ARF) in chronic nephropathy.
Case 3
A 74-year-old woman weighing 71 kg with chronic plaque psoriasis treated with low-dose (15 mg/wk) MTX for 6 years recently had soreness of psoriatic plaques. Clinical examination found disseminated sharply demarcated monomorphic erosions with hemorrhagic crusts in all prior psoriatic skin lesions (Fig 2) . Skin biopsy confirmed the presence of epidermal necrosis and dyskeratosis. MTX serum trough level was in the lower therapeutic range. Serum creatinine had increased from formerly 0.9 mg/dL (0.5-1.0 mg/dL) to 2.5 mg/dL. Laboratory abnormalities included 0.4 3 10 9 /L leukocytes with virtually absent neutrophils and 103 3 10 9 /L platelets (150-400 3 10 9 /L). Serum levels of C-reactive protein and procalcitonin were 28.5 mg/dL (\0.5 mg/ dL) and 8.9 mg/dL (\0.5 mg/dL), respectively, indicating septic status. Acute nephrotoxicity from MTX was diagnosed, leading to impaired MTX elimination and severe granulocytopenia.
DISCUSSION
Considering the relationship between renal elimination and the different durations of plasma and intracellular MTX half-lives is essential for understanding MTX toxicity. Elimination of MTX occurs mainly via renal clearance and involves glomerular filtration and active tubular secretion. Final MTX plasma half-life for low-dose treatment is 8 to 10 hours. Intracellular MTX uptake occurs actively via the reduced folate carrier. Within the cells, MTX undergoes polyglutamation through the enzyme folylpolyglutamate synthetase. Although polyglutamation enhances MTX activity, the additional negative charge prolongs intracellular MTX retention. This determines an intracellular half-life of greater than 12 days and is responsible for intracellular MTX accumulation. 5 Any condition that impairs renal elimination prolongs plasma half-life and increases intracellular MTX uptake and accumulation. Exceeding a certain intracellular threshold may then suppress replication of highly proliferating tissues. Thus, granulopoiesis, thrombopoiesis, and gastrointestinal mucosa are primary targets of the suppressive MTX effects. Agranulocytosis can occur abruptly because neutrophilic granulocytes have a lifespan of only up to 5 days in the circulation. 6 Three major clinical conditions may delay MTX elimination and prolong serum half-life: pre-existing renal impairment of any cause, nephrotoxicity of MTX itself, and drug-drug interactions interfering with renal excretion of MTX. The patients reported here had several risk factors related to impaired renal MTX elimination predisposing them to increased MTX toxicity despite normal serum trough levels. The patient in case 1 was using diclofenac-natrium without medical supervision. Nonsteroidal anti-inflammatory drugs such as diclofenac are significant competitors of MTX elimination. 7 The patient in case 2 had no concomitant medication competing with MTX but pre-existing nephropathy. Although MTX dosage had been adjusted for nephropathy, the nephrotoxic effects of MTX itself had obviously induced acute renal failure, which decreased MTX elimination further. The patient in case 3 had concomitant medication including acetylsalicylic acid, hydrochlorothiazide, and pantoprazole, all of which may interfere with MTX elimination and compete with plasma protein binding. [8] [9] [10] Still, MTX had been tolerated despite the co-medication for several years. A sudden unanticipated nephrotoxic effect of MTX then likely promoted relative MTX overdosage in combination with drugs competing for renal MTX elimination.
Physicians treating psoriasis should be aware of the typical warning signs of incipient MTX toxicity that our cases describe, as they may indicate MTX-induced myelosuppression. Ulcerations of the oral mucosa and necrotizing gingivitis can herald pancytopenia. 4 This finding may be caused by reduced mucosal proliferation and increased virulence of oral microbiota resulting from granulocytopenia. 11 Epidermal necrosis in existing psoriasis plaques is a clinical symptom of MTX toxicity reserved for psoriasis patients. 12 Typically, all psoriasis plaques are affected simultaneously with monomorphic erosions. Although the skin is usually not a primary target for MTX overdosage, because of a moderate proliferation rate, the increased epidermal turnover in psoriatic plaques may render keratinocytes particularly susceptible to MTX-induced necrosis. 12 Although erosions of psoriasis plaques caused by MTX cannot be dismissed but may be misinterpreted, they are not mentioned in recent guidelines. 8, 13 Our 3 cases illustrate that impaired renal MTX elimination of different causes is a significant reason for toxicity with therapeutic MTX doses. It increases the time of MTX exposure and cellular uptake, thereby increasing intracellular MTX concentrations and promoting toxic MTX effects caused by intracellular MTX accumulation despite normal serum MTX levels. Physicians need to be aware of the direct relationship between the duration of plasma half-life and intracellular MTX accumulation and consider any condition that impairs renal elimination of MTX as a relative contraindication for MTX treatment. Warning signs that may herald MTX toxicity with myelosuppression and agranulocytosis may occur in highly proliferative tissues and include necrotizing gingivitis and angina, purpura from thrombocytopenia, and monomorphic erosions of psoriasis plaques. Appropriate interpretation of these early clinical symptoms by both patients and physicians is vital for a timely diagnosis of myelosuppression and for preventing fatal outcomes through sepsis.
